Abstract: In this paper, an extended analysis of the human electroencephalographic signals (EEG) in the region of alpha rhythms is presented. The consequences of the existence of spindle-like (fusiform) shape are discussed and verified on the set of experimental measurements. The hypothesis of possible interrelations of the EEG alpha fuses with a tested person's psychical state and restrictions is presented.
Introduction
The thalamus, a large subcortical nucleus, houses rhythmic thalamic generators (RTG) which act as terminals of nerve pathways from sensory organs (eye, ear, skin, muscles, nose and tongue). The RTG nerve cells (neurons) send out fibers to the brain cortex. Nerve impulses reverberate between the RTG and the cortex unceasingly, i.e. in vigilance (wakefulness) and in sleep, throughout our life, the phenomenon, being known as the thalamocortical reverberation system (TCRS). In the brain's electric activity recorded from the cranial surface (EEG) this cyclic activity takes the form of frequencies of 1 -30 Hz. The alpha frequency (8) (9) (10) (11) (12) (13) , typical for vigilance, mostly appears in the form of undamped oscillations which immediately change into damped oscillations. That is what gives the alpha rhythm its spindle-like (fusiform) shape. One alpha wave lasts about one tenth of a second, consistent with one cycle in the TCRS, in which tens of billions of neurons and hundreds of billions of their impulses are involved. That is why we presumeas shown in our previous works [9] , [10] , [11] , [12] , [16] -the presence of not only periodic but also stochastic processes.
One alpha spindle (AL) lasts roughly one second, corresponding to reiterated exchange of impulses (information) in the TCRS. This is rather like iteration with convergence to the target solution of a task (problem) in the descending portion of the alpha spindle (ALDE). The ascending portion of the alpha spindle (ALAS) might correspond to the mechanisms of MIA (multilayered iterative algorithm), as described by A. G. Ivakhnenko, see e.g. [46] . In the course of learning with a "teacher", MIA, an inductive artificial neuronal network, takes on new neurons and neuronal layers according external criterion. "Redundant" neurons are excluded in subsequent selection for the neuronal population to approach the task solution, i.e. from the signal point of view convergence to global minimum (or attractor) and from the psychological point of view to problem solution or to abstraction, creation of notio, epistémé, and sémém.
It appears that -using Gabor's frequency filtration (GF), local coherence function (LCF) and Poincaré's analysis (PA) -we have come closer to our hypothesis of a dual type of iteration: MIA in ALAS and "common" iteration in ALDE.
24 persons were examined during EEG recording and simultaneous psycho testing. For our purposes we made use of sections in relaxation and during the addition of two-digit numbers, both with the eyes closed. The results showed quite an amount of interindividual differences. However, there was a preponderance of higher values of alpha energy in GF and lower values of coherence (LCF) in ALAS over those values in ALDE. PA demonstrates the cyclic feature of alpha spindle during ALAS and ALDE during relaxation and contrary noncyclic one during psychic activity. This shows the alpha spindle asymmetry, i.e., greater and more complex recruitment of alpha in ALAS. The method may well prove to be useful as a supplement of tests for attention or for personality.
The thalamus is a large subcortical part of brain, from which neuronal impulses are sent to the cerebral cortex and vice versa. These synchronized electrochemical impulses keep being repeated (reverberating) in groups. Hence, once appropriately amplified, they can be recorded from the intact surface of the head (scalp) as rhythmic electric potentials in what are called electroencephalograms (EEG) , [6] , [20] , [35] . Alpha waves (8) (9) (10) (11) (12) (13) and beta waves (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) predominate during relaxed wakefulness (vigilance), accompanied -during mentation -by delta activity (0. . The brain stem regulates arousal as well as the magnitude of the alpha rhythm, as described by Moruzzi and Magoun [28] and corroborated by a number of authors, such as Kandel and Schwartz [24] and others.
The macroscopic organization of the brain is determined genetically in the prenatal period though after birth its microscopic structure continues being perfected under the impact of information (impulses) coming from the sensory organs (eye, ear, muscles, skin, nose and tongue). Neurons in the brain are analogical to "neuroids" in artificial neuronal networks, complete with inputs and outputs of impulses and a variable impulse threshold determining the level to be exceeded for the impulse to be sent out.
Different areas of the cerebral cortex are specialized for different functions, such as analysis and formation of speech, target-oriented movement, reading, writing, arithmetics, abstract mentation etc. Brodmann [7] was the first to identify, with the aid of microscopic histological analysis, 52 different areas in either hemisphere. Today, we associate each area with specific functions according to the outcome of psychological testing carried out together with the isotope method of PET (positron emission tomography), see [27] , [31] . The areas can also act as formators, i.e., centers of regulation similarly as the brainstem structures in control of vigilance and sleep, see [17] , [10] , [11] , [12] , [14] .
Experiments have brought convincing proof of the difference between the resting state of the mind with the eyes closed and complete relaxation with, among other things, alpha amplitude increase [15] . In terms of psychophysiology, we have yet to decide whether the "nonalpha time index" (EEG desynchronization) during habituation after eye opening is directly proportional to intelligence [19] or to arousal [21] . Apparently enough, resting alpha is not exactly sinusoidal as the ascending part of this wave is steeper than the descending part and prone to becoming more symmetrical during psychic activity [12] .
Nerve cells of sensory organs send information along nerve fibers to the brain stem and from there on to the thalamus to pass impulses on to other neurons. Besides sensory nuclei, the thalamus houses also motor neurons, which control muscle activity, in particular movement of the extremities, trunk, mimic muscles, respiration, speech etc. Most of the thalamic nuclei have yet another microstructure and function: groups of neurons called rhythmic thalamic generators (RTG) which generate mainly the already mentioned alpha and beta rhythms. This cyclic activity appears to be analogical to clock pulses in automatic computers.
The cortex is organized horizontally into 6 layers and -vertically -into columns numbering roughly one or ten million. Most of the outputs from the particular RTGs are aimed at the cortical microstructures, i.e., at the columns (echelons) totaling about 25 thousand in the cat, and approximately one or ten million in humans. Each column contains about ten thousand columns to receive specific information (SI) from sensory organs in layer 4 and, in part, in layer 6 [1] of the cortex, and non-specific information (NI) in cortical layers 1 and 2. NI coming from "nonspecific" brainstem structures determine the brain's programme: wakefulness, relaxation, concentration or sleep.
The thalamic nuclei then have two principal functions (and thirty more, [14] , [15] There is no questioning the existence of the TCRS. Its function has been recognized since the days of the discoverers [8] , [4] , [5] , [3] right up to our times [23] . At a given time, the sensory organs supply the thalamus with not entirely precise information of images, sounds and tactile impressions. These messages from the outside have somewhat blurred outlines, meaning that they are fuzzy. We can be easily mistaken in case perception is too short or if the perceived image, sound or touch is too complex. If the impression is to be eliminated, we have to take a closer look at or become absorbed in the sound repeatedly. That is where the TCRS comes into play in order to, among other purposes, "defuzzify" our "fuzzified" sensory perception with its reverberation activity. Actual perception is apparently the TCRS primary activity extending from the thalamus to the primary cortical area, and lasting about 300 ms. In terms of neuronal impulses this is a perceptogram. Abstract notions (symbols, epistemes, sememes) are manifestations of repetitive secondary activity between the thalamus and other less specific areas (TCRS) lasting about 500 ms up to a few seconds. In terms of microEEG we refer to ideograms [15] .
We have experimental evidence to show that the addition of one-digit numbers in youngsters up to 15 years of age usually results in alpha acceleration by 0.5 to 1 Hz. Since alpha activity is a product of the TCRS, we believe that this system serves a "simpler" sort of mentation. The addition of two-digit numbers causes a similar change in the alpha band, moreover with a build-up of delta activity [14] . Again, since delta activity is generated by the cortex and its auxiliary systems (DACAS), using short and long association fibers and commissural connections, it represents a "more complex" sort of mentation. The TCRS and DACAS take regular turns in their activities [11] . Walter et al. [40] , Timsit et al. [38] and Howard et al. [22] have brought quite a body of evidence to show that delta and subdelta activities invariably underlie complex mentation, e.g., in the form of "contingent negative variation", P 300 wave of cognitive evoked potentials or "readiness" potentials.
Apart from recognizing the perceived image (sound, touch), i.e., from realizing concrete cognition, awareness of the perceived comes in quick succession. In other words, we experience transition from concrete perception to a generalized notion or attachment of a concrete, albeit "fuzzified perceptogram" to an abstract pattern /notion) in the TCRS, i.e., to a "defuzzified ideogram" -resulting in abstract gnosia. Example: seeing a roundish object, I can specifically recognize that this is the red apple I bought the day before, whereupon I realize it is the Nonetit variety, a pome, a tree fruit and so on. With the help of parents and teachers, a young child learns the process of abstraction. In adulthood, we no longer have to consciously verbalize abstraction as repeated experience has made it automatically known. Young children's and feeble-minded individuals' cognition remains at the level of concreteness so that they need not recognize apples of different shapes, or, indeed, other fruits, i.e., they are not able to recognize the difference between an apple and a pear, and the like.
Formerly, anatomists used to find some 15 billion (= thousand million) nerve cells (neurons) in the human brain; today, about 100 billion, most of them in the cerebral cortex. It appears that for reactivity as such, i.e., for both the specific (conditioned reflexes, dynamic stereotypes) and abstract mental process (mentation, noesis), cognition and for the generation of motor responses including speech (phatic functions), we do not need such a large number of neurons. Most of the neurons are likely to serve the purpose of remembering or filing in an archive. This, however, is a dynamic archive where the brain constantly or frequently processes the data stored there either entirely automatically or subconsciously. Primarily, however, it seems to process information by means of associative operations, by looking for analogies and abstract patterns, thus widening the field of our knowledge and experience.
It seems that in a single process of information or mentation, our brain or rather TCRS would be unable to simultaneously and rationally employ all of the 100 billion neurons. Considering that each neuron will apparently be connected with hundreds up to thousands of other neurons and that it generates 5 up to 50 impulses per second, the whole brain operates with hundreds of billions of impulses per second. Moreover, the impulses travel in immensely complex networks and circuits. Interneuronal impulses, while subject to binary coding, are usually organized in specific groups the code of which is unknown. That is why we establish at least inter-impulse interval histograms or, better still, leading cell and mass activity correlograms" according to Reinis [33] . For brevity's sake, we use the "3f" algorithm: "firing rate, firing pattern a space firing" [15] . Indeed, all our psychic life is made up of nothing but those impulses. Though this fact suggests vulgar materialism, we accept it because so far we know of no other mechanisms of information processing in the brain.
Naturally, considering this huge quantity of neurons, synapses and impulses, the combinatorial processes are beyond imagination. Hence, we can see the divine spark in so meaningful an organization of the brain in our consciousness and mentation. Indeed, there seems to be a paradox: the fewer neurons participate in an actual psychic process, the greater the information power seems to be ( [9] , [32] ). The power there is understood to mean not only the process in a simple logical, combinatorial or sequential structure but also complicated mentation, such as abstraction, deduction or synthesis of information.
Much of these complex psychic operations may well unfold in periods of concentration or relaxation or sleep. There may be a certain optimum quantity of neurons, their connections, synapses and impulses in the analytical-synthetic process. Clearly, as mistakes are bound to occur in such a quantity of neuronal connections, the brain must have self-repair mechanisms to cope with errors [1] . Some of the neuronal processes may be reminiscent of mathematical operations.
The mind-boggling quantity of neurons and the complexity of neuronal networks make it inevitable to think of stochastic processes, of probability, of multivariate analyses, such as the determination of factors or vectors and their rotations. Lion and Winter [26] and Saunders [34] devised and experimentally proved ways of obtaining "alpha-like" activity by appropriate filtration of generated noise. Using Wilks periodogram, we found a significant quantity of random variables in the EEG curve during vigilance, a lesser amount during an epileptic discharge, and the least amount during NONREM sleep [10] . However, the situation is too complex to warrant unanimity of official expert opinion. Thus, e.g., Reinis [33] has this to say: "To our knowledge, there are no proven neuronal systems with a documented fractal or chaotic time series." However, Freeman [18] , using mathematical models proves a chao-dynamic character of impulsation in neuronal populations. Our hypothesis is based on the fact that neurons show, already in the prenatal period, a random impulsation activity, and that after birth comes a period of imprinting or impression of new neuronal "3f" algorithms into the original stochastic "arrangement". In psychological terms, this is consistent with imprinting, a process which is seen in birds only hours after hatching, and which in mammals is likely to take a long time and to be more complex. In the human young, imprinting in the form of attachment proceeds until about 3 years after birth.
We have in mind an analogy with iteration as such or MIA (multilayered iterative algorithm) processes, as described by Ivakhnenko (quoted fromŠnorek [36] and Novák et al. [29] ). In our opinion, it is exactly reverberation in the TCRS that stands for iteration represented in the EEG curve by fusiform alpha activity with its ascendant (ALAS) and descendant (ALDE) parts. The neuronal network in ALAS operates in accordance with the MIA algorithm, while ALDE represents typical iteration, i.e., a more or less stereotype process aimed at the desired end.
The MIA (multilayered iterative algorithm) was described by Ukrainian mathematician A. G. Ivakhnenko as early as 1958. He devised a mathematical procedure, by which an artificial network of neuroids is developed using the inductive method and a teacher. This means that neither the number of neurons in hidden layers nor even the number of layers are set beforehand, but that this number keeps growing and forming in the course of learning as needed, i.e., the network keeps being built up until certain required external criteria are met. What follows then is neuronal restriction by selection. If the number of neuroids continues to grow, learning becomes worse, the network is said to be overlearned. This brings the artificial network still closer to the actual development of biological, in particular, cortical structures. Genetic programmes used in artificial neural networks also follow examples from evolution [25] .
The fusiformity of EEG graphoelements, alpha activity in particular, results from recruitment. This means that with every alpha wave or every cycle of impulses reverberating between the thalamus and the cortex the number of involved neurons increases [3] , [4] , [5] . This part of the alpha amplitude growth is discernible in the first half of the alpha spindle (ALAS). This is perhaps due to the search for the optimum size of the neuronal population. Optimum here means the number of neurons, their layers and areas needed for coping with a given task.
However, the aim of the solution for differently complex problems is differently remote, which is why the alpha spindles are differently long, as a rule, one half up to one to two seconds. The search for the "right kind of programme" culminates in the appearance of one or two alpha waves of the highest amplitude with the height of the waves declining from there on. The ALDE phase is alpha wave amplitude decreasing in the second half of the alpha spindle due to a decline in the neuronal population. This can be likened to the process of neuroid selection in an artificial neuronal network (ANN), as devised by Ivakhnenko. The ALDE phase also coincides with the task solution proper running on the rules of the ordinary iteration process, i.e., with the computation aimed at the desired results, in other words, at maximum cognitive approximation and cognitive success. This is where iteration takes on particularly complex forms in what is stereoiteration in an environment of stochastically operating neurons. Hence, we sometimes refer to "interation" [15] .
It seems that in the ALAS phase the TCR system tries to find an algorithm for the solution of the problem, while in the ALDE phase it is already working on the problem according to the algorithm found. The purpose of our computation is to find out whether or not this is actually the case. Obviously enough, most of the alpha spindles fail to find a meaningful solution of the task; on the contrary, very many such "alpha attempts" are necessary for successful cognition.
The differences between alpha activity at rest or during hyperventilation or cogitation in one and the same human are discernible with the naked eye. That was what made us use some mathematical methods for alpha rhythm analysis under diverse conditions in order to define its character. In our view, the EEG curve still hides a great deal of important information. It should be added, though, that emotions and affectivity, too, have an impact on the human mind, mainly rational power. Our consciousness is known to have a dual character; it is both rational and emotional. Here, for the sake of simplicity, we refer primarily to rational consciousness and mentation. So far, there has been no experimental or mathematical way how to synthesize the two aspects of consciousness.
Method and Experimental Data
Our cohort of tested persons consisted of 22 healthy people, 17 men (age range 22 to 37), one 70-year-old man, one 80-year-old man) and 7 women (age range 22 to 36), and two 60-year old women. All 22 had normal EEG with basic alpha rhythm. The 70-year-old man had subclinical episodes of typical epileptic graphoelements of the spike-wave type in the EEG record, but no seizures in the past 35 years. The 80-year-old man had the pseudoneurasthenic syndrome but good logical judgment and memory, EEG showing slow alpha (8 Hz, sporadically also low-voltage theta, i.e., 4 -7 Hz), while all the rest -except one -had alpha 9 Hz and faster frequency.
All the persons had their EEG recorded in the standard way, i.e., with the curves picked up by 19 electrodes placed on the head in the 10 -20 Jaspers anthropometric array, amplification of 100 microVolt per centimeter of amplitude deflection of the calibration curve, upper filter -40 Hz, lower filter -1 sec, time sampling -128 Hz.
During 30 minutes of diurnal EEG recording, the following situations (states, conditions) were used: eyes closed (EC) and eyes open (EO), nasal hyper-ventilation (HVN) and oral hyper-ventilation (HVO), shortened Raven test (RA) and the adding up of one-or two-digit numbers (CA) with eyes closed. Only two-digit numbers were added up for this particular study. In principle, only two states were used in EEG tests: the resting or native state and the active state. For this kind of psychic activity we also use the term mentation. To serve our purposes, we analyzed alpha activity spindles in two situations (with 8 to 18 alpha waves at a sampling rate of 128 Hz): a) at rest with the eyes closed and b) during the addition of two-digit numbers also with the eyes closed. The outcome was analyzed separately for the first half, i.e., the ascending part of the alpha spindle (ALAS), and separately for the other, descending half of the alpha spindle (ALDE). The addition of ten two-digit numbers took 30 seconds to complete, and the sums were incorrect in three young men, two elderly men and two elderly women.
To analyze each half of the alpha spindle we used spectral computations with Gabor filtration (GF) and local coherence function (LFC). We have also other sophisticated mathematical analyses ready for use such as dimensionality reduction and the like [29] , [39] , [37] . In some probands we also used interhemispheral coherence function (ICF), amplitude analysis (AA -isovoltage maps) and Poincaré data sequence analysis (PA). These computations were resorted to where GF and LCF had failed to produce conclusive results. Only then did AA, PA and ICF deliver the expected differences between the ascendant and descendent portions of the alpha spindle as much as between the states of rest and calculation (mentation). For lack of space, we plan to present those results in another study.
Results
The first group of results is presented in Tab The data with exclamation marks show that while no major change was noted in the particular frequency band, the distribution on the cranial surface was entirely different.
Since the data were not normalized, the intraindividual results are given in relative values. Consequently, the data indicate declining or rising values for each individual separately. The results obtained from the native EEG alpha activity represent the mean quantitative levels of the alpha or delta frequency bands. Low level is marked +, medium ++, high +++. A low level decline to a still lower one is marked -, a medium level decline is marked +, a high level decline is marked ++. A rise in the level of alpha or delta is marked with another cross, i.e., from low to higher ++, from medium to higher +++, and from high to a still higher one ++++.
Tab. II presents results of measured 24 probands arranged in 16 columns, of which 8 are for GA results, 8 for LCF results. Hence, eight relationships were calculated in two ways. In other words, we have here 8 relationships (x : y) listed in eight columns for 24 probands, amounting to 192 relationships. However, only the most interesting will be analyzed here, i.e., only those with a marked predominance in one variable. Thus, there are 120 instances of alpha activity asymmetry (x < y or x > y) with the ascendant (ALAS) relative to the descendent (ALDE) portion of 1.
2.
3.
4.

5.
6.
7.
8.
9.
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I. the alpha spindle, 68 instances of symmetry (x = y), 4 instances of relocalizations or topic predominance on the skull surface.
Tab. II The results of GF (columns 1-8) and LCF (columns 9-16) calculations in XXIV probands. Probands I to VII are women, the last two -elderly women. Probands VII to XXIV are men, the last two elderly men. Exclamation marks in some of the results show that while the values in the alpha or delta bands remained unaltered, there were major changes of relocalization, i.e., for example, maximum alpha in ALAS was in the occipital, in ALDE in the temporal region, etc.
As Tab. II and III indicate, the frequency spectrum (GF) shows a great interindividual variability with discernible differences between ALAS and ALDE in both the native and the mentation EEG curves. Power of alpha is 9 times greater in the native ALAS (column 1:3), and 8 times greater in the mentation ALAS phase (column 5:7). This is evidence of spindle asymmetry with more alpha in ALAS, though, seen with the naked eye, this formation appears to be a paradigm for symmetry.
Delta activity tends to be symmetrical, at rest (in column 2:4) the ALAS and ALDE values are nearly equal (7 cases to 8). A similar situation exists during mentation (column 6:8), 8 cases to 9. Likewise, the alpha band reveals considerable difference between the resting and mentation (mental activity) curves.
Comparisons between the native state and mentation in ALAS in the delta band are as follows: (column 2:6) 4 cases each and 7 cases each (column 4:8) between the native state and mentation in the ALDE phase. In other words, the situations are very well balanced, and delta does not seem to be different in the ascendant and descendent phases of the alpha spindle. Indeed, delta is 16 times identical in ALAS (column 2:6) and 10 times the same in ALDE when the resting state and mentation are compared.
Clearly enough, alpha is marked by differences, i.e., higher in ALAS than in ALDE; its differently numerous neuronal populations on recruitment seem to suggest MIA iteration, whereas only a slightly different delta shows equal quantities in both ALAS and ALDE. This is evidence of constantly equal delta energy in ALAS and in ALDE, i.e., regardless of relaxation or mentation, the TCRS keeps iterating in the delta rhythm all the time. Delta would then be consistent with routine and incessant iteration or selection of neurons. In physiological terms, this points to a constantly high activity of the associative and commissural systems.
Considerable ALAS-ALDE differences stand out when comparing EEG at rest and during mentation in the alpha band. In the ALAS phase (column 1:5) there is 11 times more alpha at rest against 5 during addition; in the ALDE phase the ratio is only 9 cases to 7. The recruitment of alpha then is greater at rest than in mentation as regards the ALAS-ALDE ratio.
There seem to be no major sex differences, but then there are only 7 women in the cohort.
In other words: the subtotals show a preponderance of alpha activity at rest in ALAS (9) over ALDE (6) (column 1 relative to column 3). In the ALAS phase, there is obviously a greater tendency toward synchronization, which is hidden to the naked eye. A similar situation exists when ALAS and ALDE are compared during mentation (column 5 in relation to column 7). In either case, however, there are 5 relocalizations of alpha activity, i.e., more than in other relations. Alpha activity predominance in ALAS suggests an increased recruitment of neurons and their impulses and, thereby, also a larger neuronal population in the ALAS phase.
The delta band (columns 2:4 and 6:8) shows a fairly balanced amount of delta between ALAS and ALDE displaying, however, a negligible number of dislocations. In general, delta activity is predominant in the frontal and frontotemporal regions, albeit sometimes contaminated with oculomotor artifacts.
Marked changes are in those parts of the EEG curve where higher values of alpha at rest predominate over mentation in ALAS (11) (columns 1:5). This can be put down to greater attention during mentation when, as a rule, alpha is on the decline. The number of equal values is growing in ALAS and in ALDE (8), the spindles are assuming more symmetry during mentation. There is no alpha relocalization.
In the ALDE phase, the numbers of asymmetric and symmetric spindles at rest are leveling up with those during mentation (9 a 8), (columns 3:7). There are five alpha dislocations here, suggesting a major difference in the distribution of alpha in ALAS and in ALDE when the relaxed state is compared with mentation.
Delta activity in ALAS exhibits its greatly balanced amount between relaxation and mentation (16) (columns 2:6). There is no delta dislocation.
Delta activity in ALDE is again very well balanced when relaxation and mentation are compared (10) (columns 4:8). There are two cases of dislocation.
The bottom part of Tab. III shows the LCF results. The GF and LCF computations are not identical but complementary. While GAs show the magnitude of energy in each particular part of the spectrum, LCF indicates mutual similarity (coherence) with the local "neighboring" spectra.
As Tabs. II (a, b) and III also suggest, the local coherence function (LCF) at rest (NA) operates conversely in the alpha band compared with alpha energy computed on the basis of GF: in ALAS -4 to 8 cases, in ALDE -5 to 8 cases; i.e., coherence is lower in cases of increased alpha activity. This could mean that greater coherence accompanied by lesser alpha energy would represent greater mental power with increased attention. Yet, the equivalence of the number of cases (x=y, i.e., the same amount of alpha in ALAS as in ALDE) is almost invariably greater than the reverse (x =y), (applicable also to delta activity), as it shows little change in ALAS relative to ALDE.
In contrast, during adding up (CA) both alpha and delta show a substantially greater coherence in ALAS than in ALDE, i.e., during mental activity the similarity of the spectra is on the increase in the first half of the alpha spindle whereas in the second half it is on a very marked decline in what points to a great deal of dissimilarity between the ascendant and descendent phases of the alpha spindle.
Of considerable interest is the high delta coherence during mentation in ALAS (14 cases) compared with ALDE (none). It appears that delta has a major role to play in mental activity, indeed, even in the first half of recruitment, i.e., in the ascending part of the alpha spindle. This shows that "invisible" changes in the EEG curve are well calculable and that it makes sense to monitor those changes.
Relocalization is a characteristic feature of mainly alpha and delta during mentation with 6 cases each.
Three persons were prone to falling asleep, and on those occasions we were able to see that the alpha spindle after sleep showed more alpha energy in GF and more coherence in LCF than at rest and during relaxation at the start of the experiment. At the same time, there was a bifrontal decline of delta activity. This appeared to coincide with a decrease in oculomotor artifacts during the sleep onset, artifact being almost invariably present in wakefulness. Admittedly, the number of the probands was low, but should this finding be corroborated, it could be used for the prediction of imminent transition from relaxation to sleep.
The average alpha frequency at rest was 9.5 Hz, during mentation -10 Hz. In 19 cases alpha accelerated during mentation by 0.5 to 1 Hz.
Apart from the resting state and psycho tests, proband XX also engaged in meditation according to Mahareshi Mahesh Yogi. As shown in optical description, his alpha was of a relatively higher amplitude than in the resting state and found spreading also into the frontal region. His alpha frequency dropped from 9 to 8 Hz, whereas during mentation it stood at 10 Hz. While his GF and LCF alpha increased, the analogical results in delta decreased. A similar situation without frequency analysis was described already by Anand et al. (1961) in Indian yogis. Poincaré's analysis (PA) carried out in three probands revealed major cyclic activity at rest in both ALAS and ALDE, though this was considerably altered during mentation (CA). As these exceptional situations pertain to too few probands, it is too early to draw any conclusions. In our previous studies we found differences in the EEG spectrum in relaxation and during psychic activity, in particular, alpha acceleration during the addition of one-and two-digit numbers. Generally speaking, the energy of alpha activity was reduced during increased attention independent of eyes open or eyes closed. In the process of mentation (Raven's test, adding up numbers, reading in young children) the delta band energy was rising, again regardless of whether the probands' eyes were open or closed. Sometimes, but not always, similar changes can be seen in our present study, too. However, the duration of the previously analyzed sections used to be relatively long, 10 to 30 seconds, whereas the current time for alpha spindle analysis is only 0.5 to 1 second. Differently long intervals of the EEG curve have a significant role to play in the detection of each of the frequency bands.
The results of the present study show differences between the ascending (ALAS) and descending (ALDE) portions of the alpha spindle, mainly in the alpha band. In the resting state records, there are 15 cases of difference in the alpha band, i.e., 9 in ALAS and 6 in ALDE. During the addition test, alpha is asymmetrical 14 times, i.e., 8 times in ALAS and 6 times in ALDE. Comparing the alpha spindle at rest and in mental effort, we find 32 cases of asymmetry and 16 cases of symmetry. The delta band shows fewer differences. Our current results are, on the whole, congruent with the previous ones; for example: lower alpha during mentation than in the native resting part, or rising delta in mentation (columns 2:6 and 4:8). During relaxation and incipient sleep, the amount of alpha is on the increase and so is its coherence.
More over, we have proved the Poincaré analysis of interrelations in ALAS and ALDE of measured results in quiet state -NA, see Fig. 5 and also in states when the tested persons were loaded by numerical computation -CA, see Fig. 6 .
Comparing of both these figures shows the significant changes of thalamocortical reverberation caused by psychical load, nevertheless the curves look very similar.
Discussion
Already in the Introduction we have mentioned physiological and mathematical literature suggesting how to explain the differences in alpha recruitment. The dynamism of alpha activity offers scope for a variety of explanations. Iteration is one of them, and not only simple iteration but also Ivakhnenko's MIA. Both the division of the alpha spindle and the differences between the first and second halves of alpha recruitment seem to substantiate these hypotheses. All interindividual and intraindividual differences in the computations are due to the ubiquitous "random" component in the EEG curve. Hence, our findings are not unambiguous. Also involved are stochastic processes in their "galactic" quantities of cortical neurons and their synapses numbering hundreds of billions.
If we estimate our "alpha life" at some 60 years of duration (roughly from 10 to 70 years of age), and at about 10 hours of alpha activity daily, the time interval of one alpha spindle at approximately one second, then the 3600 alpha spindles per hour multiplied by ten hours amount to 36 000 spindles a day. This number multiplied by roughly 300 days equals 10 800 000 alpha spindles per year, and that multiplied by 60 years means 648 million alpha spindles for all our adult life. That means our disposition singled out for our education, school and professional knowledge and life experience. However, our mentation and memory capacity will be greater than that if the psychic mechanisms in operation during sleep are also brought into play. While we cannot estimate the number of "bytes" contained in an Fig. 3 alpha spindle, we should bear in mind that not every spindle represents a successful attempt, i.e., intentionally successful iteration.
The energy level of our neuronal networks often gets stuck in a "local minimum" or is unable to find even the direction of problem solution. Consequently, our mind teems with unanswered questions both professional and everyday-life ones, not to speak of emotional problems. It is only occasionally that our iteration helps us reach the "global minimum", the point where we have come to understand the problem, where the energy function trajectory has reached the minimum, and when the resulting attractor has reached a minimum of energy in the neuronal structure, the end of neuronal selection and cognitive automation, when the optimized neuronal networks have been fixed in memory traces. Let us emphasize the great differences between the first and the second halves of the alpha spindle also because they are not discernible to the naked eye. More differences exist between the resting and "working" spindles of alpha activity which, in this case too, are quite considerable interindividually. These analyses may be useful not only for the detection of brain relaxation and activity but also for the detection of some character changes. In particular, society at large would welcome prediction of potential aggressors' behavior in everyday life and behind the steering wheel. All the more so, considering that the analyzed section is very short.
Complex as it is, the EEG curve appears to contain a spectral mix of regular and harmonic as well as stochastic components. An alpha spindle also contains both components, what is more, differently correlated in ALAS and in ALDE, and differently again at rest (NA) and during mentation (CA).
Going by clinical experience, we know that many diseases exhibit changes in the frequency, form, phase and other parameters of alpha activity, while still remaining within norm. Hence the difficulty in defining the difference. For instance, the milder forms of the ADHD syndrome (attention deficit-hyperactivity disease affecting up to 10% of the young population) or incipient Alzheimer dementia have no clear-cut pathognomonic changes in the EEG curve. This would also facilitate the detection of worsened concentration and imminent sleep onset, in general, attention changes prediction. That is where the above analyses could be of help. No doubt, the study calls for further mathematical programmes for more sophisticated analysis of the EEG curve, cooperation with psychologists, and more probands to be examined with new diagnostic techniques, such as positron emission tomography (PET) or transcranial magnetic stimulation (TMS) and the like.
Hypothesis and Expected Consequences
We have put forward our hypothesis of dual iteration in data processing in the thalamo-cortical reverberation system (TCRS) of the brain:
• MIA (multilayered iterative algorithm) according to A. G. Ivakhnenko, and
• "ordinary" iterative with convergence to the target solution in the second phase of data processing. In vigilance, the brain's electric activity comprises primarily the alpha rhythm (8 -13 Hz) of variable amplitude responsible for the fusiform spindle-like shape of those alpha waves -described as the alpha spindle.
As a rule, the general assumption is that the ascending part of the alpha spindle (ALAS) is the same as the descending part (ALDE).
Our aim was to find out whether our hypothesis of differences between the ALAS and ALDE phases is acceptable. To that end, we examined 24 persons by means of EEG and simultaneous short psycho tests. We then compared ALAS and ALDE in the alpha spindle of all the probands both at rest and in a state of psychic activity (mentation), and found a preponderance of alpha in ALAS, which might correspond to a hypersynchronous recruitment of alpha and to the situation evolving in the MIA regimen. There was little change in delta which retained similar values in ALAS as much as in ALDE, probably a reflection of constantly present iteration. Interindividual differences were considerable apparently due to the role played there by psychological and stochastic processes. In our opinion, thanks to these and other sophisticated analyses and to the short EEG curve interval, the above method could be of use not only in the detection of mentation, relaxation, attention disorders and incipient sleep onset, but also for the identification of anomalous types of personality, such as impulsive or even aggressive psychopaths and the like.
We can express the expectation that the presented interrelations between the EEG alpha spindle and tested person's psychic state will also be proved by a further larger set of measurements, and that their existence can open the way for further improvement of many application cases, in which human subject interacts with considerably complex and complicated artificial system or system alliance and in which the reliability of such interactions plays crucial role for operation safety, like e.g. in railway (see [41] [42] [43] [44] e.g.) or road (see [45] e.g.) transportation.
